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WIND TUNNEL TESTS OF THE O.OIO-SCALE 
SPACE SHUTTLE INTEGRATED VEHICLE (MODEL 52-OT) 

IN THE NASA/AMES 3.5-FOOT HYPERSONIC WIND TUNNEL (IA18) 

By V. Esparza, E. Chee and J. Stone, Rockwell International Space Division 
J. A. Mellenthin, NASA/ Ames Research Center 

ABSTRACT 

Experimental aerodynamic investigations were conducted in the NASA/ 
Ames Research Center 3.5-foot Hypersonic Wind Tunnel from April 9, 1974 
to April 12, 1974 on an 0.010-scale model of the Space Shuttle Integrated 
Vehicle consisting of an orbiter and external tank (Model 52-OT). 

The purpose of the test was to evaluate the basic hypersonic stabil- 
ity characteristics of the orbiter attached rigidly to the external tank 
and to evaluate the basic hypersonic stability characteristics of exter- 
nal tank alone simulating RTLS abort conditions. Test IA18 was conducted 

at Mach numbers of 5.3, 7.3 and 10.3. 

The integrated vehicle was tested at angles of attach from -8 
through +30° and angles of sideslip of -8° through +8° at fixed angles of 
attack of -4°, 0°, and *4°. A maximum angle-of-attack range of +15° 
through +40" was obtained ^or this configuration, at Mach number 7.3, for 

one run only. 

External tank alone testing was conducted at angles of attack front 
+8° through -30" and angles of sideslip of 8" through at fixed 

angles of attack of -4°, 0" and +4”. 

Six "Component force data and static. ha>e pressures were recorded 
during the test. 
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NOMENCLATURE 

General 


MJ30L 

RADSAC 

SYMBOL 

DEFINITION 

n 


speed of sound; m/sec, ft/sec 

Op 

CP 

pressure coefficient; (p^ - Pm)/q 

M 

MACH 

Mach number; V/s 

P 


pressure; K/ui^, psf 

q 

Q(NSM) 

q(psf) 

dynamic pressure; l/PpV^ , N/m^, psf 

RN/L 

rn/l 

unit Reynolds number; per m, per ft 

V 


velocity; m/sec, ft/ sec 

a 

ALPHA 

angle of attack, degrees 

P 

BETA 

angle of sideslip, degrees 

4> 

PSI 

angle of yav, degrees 


PHI 

angle of roll, degrees 



mass density; kg/m^, slugs/ft 3 



Reference & C.G* Definitions 

Ab 


base area; tn^, 

b 

BREF 

wing span or reference span; » ft 

c • g* 


center of gravity 

4kf 

c 

LREF 

reference length or ving mean 
aerodynamic chord; m, ft 


GREF 

wing area or reference area; m", ft 


MRP 

moment reference point 


XMRP 

moment reference point on X axis 


YMRP 

moment reference point on Y axis 


zmhp 

moment reference point on Z axis 


r yimaro; 

b 


i 


t. 

tn 


bone 
1 OC?'l 

ctntlc conditions 
t,o L?i V conditions 
free f ironm 


i p" « Tnion 








HOMJWrLAniBK (Oontlnur cl ) 



Body-Axl:; Syatcm 

SYMBOL 

SADSAC 

SYMBOL 

DEFINITION 

C N 

CN 

normal -force pnnmMr. H f. normal force 

qS 

C A 

CA 

axial -force eoeff MHont.* axial force 

qs 

°Y 

CY 

aide -for ee coefficient* side force 

qS 

% 

CAB 

ba:*.c— force coefficient* by se force 
- A b(Pb * P®)/qs 1 

c Af 

CAF 

forebody axial torce coefficient, C A •• C Ab 

C m 

cm 

pit chin r -moment coefficient: pitching moment 

'^RRP 

t-n 

CYN 

yewiti/'-moment yawin« moment 

lEb 

C i 

CBI. 

rolling-moment cneffl rolling moment 

,iSb 



Stobility-Axir; Syirujm 

C L 

CL 

lift coefficient: 

* qS 

C D 

CD 

drar coefficient; d - r ^£ 
qS 

\ 

CDB 

binio-drarc coefficient* bn _ :u - dm*- 

(\l\ 

%' 

CDF 

forebody dra*; coefficient; <: Tl - (V 

u J ^ 

( 'y 

CY 

cide- force coefficient; tljdt force 

c m 

cm 

j r * 

piti-iil jiiT-mcnwnt. >•«». ■I’fi-.'li nt; pi tilling moto nt 

,: /hkk 

( 'n 

FJ.TJ 

yav i n^-i;,! >{:i, j . *_ cot ;‘f j ci f »xj f , • y‘-v*i.nr monit r * 

jr-b 

{ 'l. 

CCT. 

r o.l 1 1 r r , :j -n f cor : p f i. ( ■ 1 ■ =n t ; JJ tu *. mpm< e. 4 

r,/n 

fr/i) 

•b 

. j 1 f t • t c ) - i !••■«■■ ratio; 

V'V 


! * i ‘ 1 ' “'*-r l Ody lit’''!,, r-f.ie: A\ 
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NOMENCLATURE (Continued) 
Additions to Standard List 


Symbol 

Plot 

Symbol 

Definition 

Ai 


model base area at station i, 1=1 , .... 10, in^ 

CP] 


Orbiter OMS pod base pressure coefficient 

Cp 3 


Orbiter base pressure coefficient 

Cp 5 


external tank base pressure coefficient in the 
integrated configuration 

Cp 6 


external tank base pressure coefficient 

C P 7 


external tank base pressure coefficient 

c Pio 


Orbiter balance cavity pressure coefficient 

°p 5 


external tank balance cavity pressure 
coefficient (tank alone) 

c# b 0 

CAB-0 

Orbiter base axial force coefficient 

Ca >>oet 

CAB-T 

external tank base axial-force coefficient in the 
integrated configuration 

° A| >et 

CAB-T 

external tank base axial -force coefficient for 
tank alone 

(C N )a=0 

CNAFO 

normal -force coefficient at a=0 

(C||j)oi-0 

CLMAFO 

pi tchi rig-moment coefficient at a-0 

< C N«> 

CNALFA 

normal -force coefficient slope (-5° < « < 5°) 

St 

CLMALF 

pitching-moment coefficient slope (-5° < « < 5°) 

X, "AC /yR 

XAC/L 

aerodynamic center, pitch (-5° < « < 5°) 
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NOMENCLATURE (Concluded) 
Additions to Standard List 


Symbol 

Plot 

Symbol 

Definition 


C Y(J 

CYBETA 

side-force coefficient slope (-5° < p 

b°) 

c t 

8 

CBLBET 

rolling-moment coefficient slope (-5° < 

b r. 5°) 

H 

CYNBET 

yawing -moment coefficient slope (-5° < 

8 < 5°) 

V** 

YAC/L 

aerodynamic center, yaw (-5° < 8 < 5°) 


(CA^.)a=0 

CAFAFO 

forebody axial force coefficient at o=0 
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CONFIGURATIONS INVESTIGATED 


^ " ' ' 1 1 


The model for this test was an 0. 010-scale representation of the Spas" 
Shuttle Integrated Configuration (model 52-QT). The model consisted of the 
orbiter and external tank. The model was constructed of stainless steel. 

There were two configurations tested. The first configuration tested 
was the orbiter rigidly attached to the external tank. The second con- 
figuration tested was external tank alone. Model component: tested were: 

°9 = B 1 9 C 7 E 23 F 5 M 4 N 8 N 24 R 5 V 7 W 1 07 
Orbiter 

Bjg * VL70-000139B (lines) bod; 

C 7 = VL70-0T0139B (lines) canopy 

E 23 = VL70-000139B (lines) elevon 

F 5 = VL70-000139B (lines) Bodyflap 

M 4 = VL70-000139B (lines) OMS pod 

Ng = Vl 70-000140A (lines) OMS nozzle 

^24 = VC70-000140A (lines) main engine nozzle 

Rj. » VL70-000139B and VL70-000095 rudder 

V ? = VL70-000139B (lines) vertical tail 

W 107 * VL70-0001 39B (lines) wing 
External Tan k 

*20 ” VL78-000UB2B (lines) external tank 

9 
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AT^g = VL78-000062B, SK-H-4011; forward Orbiter/ ET attach structure 
(when attached to Orbiter) 

AT 17 = VL78-000062B, SK-H-40 i 3; left rear Orbiter/ET attach 
structure 

AT.|g = VL78-000062B, SK-H-4013; right rear Orbiter/ET attach 
structure 

AT 19 = VL78-0Q0062B, VL72-000140, VL72-OOOT 15; forward SRB/ET 
attach structure 

AT 20 = VL78-000062B, VL72-000140, VL72-000115; Aft SRB/ET 
attach structure 

AT 2 4 - VL78-000062B, forward Orbiter/ET attach structure (tank 
alone) 

FLjj 3 V 78-000062B, LOX feed line simulated between ET and 
Orbiter 

FLg = VL78-Q00Q62B pressure line; max cross-sectional area 
simulating LH 2 pressure line and electrical conduit box on 
the ET. 

FL 9 = VL78-000062B umbilical feedline 

FRg = VL78-0Q0062B VL78-0QQ050 cross-members between ET/Orbiter 
attach structure 

PT-J 2 = VL78-000068B lightning rod attached to ET 

PT^ = VL78-000062B ET protuberance simulation of LOX recircula- 
tion line and electrical conduit box 

PT^ ~ VL78-000062B ET protuberance simulation LOX pressure line 

PT ]9 » VL78-000062B SRB separation push off pad 
PTp„ = VL78-000062B nose cone lines 


!() 


TEST FACILITY DESCRIPTION 


The NASA— Ames 3.5-Foot Hypersonic Wind Tunnel is a closed-circuit, 
blowdown-type tunnel capable of operating at nominal Mach numbers of 5, 7, 
and 10 at pressures to 1800 psia and temperatures to 3400°R for run times 
to four minutes. The major components of the facility include a gas storage 
system where the test gas is stored at 3000 psi, a storage heater filled 
with aluminum-oxide pebbles capable of heating the test gas to 3400°R, 
axisymmetric contoured nozzles with exit diameters of 42 inches for gener- 
ating the desired Mach number, and a 900,000 ft 3 vacuum storage system 
which operates to pressures of 0.3 psia. The test section itself is an 
open- jet type enclosed within a chamber approximately 12-feet in diameter 
and 40-feet in length, arranged transversal ly to the flow direction. 

A model support system is provided that can pitch models through an 
angle-of-attack range of -20 to +20 degrees, in a vertical plane, about 
a fixed point of rotation on the tunnel centerline. This rotation point 
is adjustable from 1 to 5 feet from the nozzle exit plane. The model 
normally is out of the test stream (strut centerline 37-inches from tunnel 
centerline) until the tunnel test conditions are established after which 
it is inserted. Insertion time is adjustable to as little as 1/2 second 
and models may be inserted at any strut angle. 

A high-speed, analog-to-digital data acquisition system is used to 
record test data on magnetic tape. The present system is equipped to 
measure and record the outputs from 80 transducers in addition to ^0 
channels of tunnel parameters. 
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DATA REDUCTION 


The aerodynamic force data presented were measured by the Task 1.0-inch 
MK XIV strain gage balance and the moment data were transferred to the ex- 
ternal tank centerline at a point 6.501 inches (model scale) aft of the 
tank nose. 

Base pressure axial-force coefficients were calculated for the in- 
dividual regions as follows: 

1. Orbiter base axial-force coefficient: 

C A b = ‘ tA l C p 1 + A 3 C P 3 + A 10 C P 10 ^ /S 


where: A ] = A ] + A g = 2.64 in 2 
A 3 = A 3 + A 4 = 3.28 in 2 
A ln = 0.843 in 2 


2* External tank (when in the integrated configuration) 

CA b = " + A 6 C P 6 + A 7 C p ? ]/S 

where: Ag = 1.767 in 2 

A g = 1.699 in 2 
A ? * b.097 in 2 

3. External tank (alone) 

C A b * - £A 5 Cp 6 ♦ A 6 Cp 6 . A/^J/S 

where: Ag = sting cavity - 1.109 in 2 

A fi - 1.699 in 2 

A ? - 5.097 in 2 

]? 


DATA REDUCTION (Concluded) 


The 

S ymbol 

S 

XMRP 

YMRP 


ZMRP 

4 


following reference dimensions were used for data reduction: 

Definition Value (model scale) 


reference area 

38.736 in 2 

longitudinal moment reference point 

9.79 in 

moment reference point on Y i*xis 

0.00 in 

moment reference point on Z axis 

4.00 in 

reference length 

12.903 in 


The location of the base pressure orifices and their respective areas 


are shown in figure 2d. 


TABU. 1. 
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TABLE III. - MODEL DIMENSIONAL DATA 


MODEL COMPONENT : — 

GENERAL DESCRIPTION FUSELAGE per Rockvell Lines VL7Q-0001393 




— SCALE; Q.Q1Q . 



DRAWING NUMBER VL7Q-000139B 


DIMENSIONS 

FULL SCALE 

MODEL SCALE 

Length * In. 

129Q.T 

-12.Q0T 

Max Width - In. 

2&f 6, 

2.676 

Max Depth- In. 

244.5 



Fineness Ratio 
Area 

4.82175 

4.821^5 

Max. Cross-Sectional 

Planform 

Wetted 

Base 



~ 0.0137 
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TABLE III. - MODEL DIMENSIONAL DATA- Continued. 


MODEL COMPONENT : CAMOPY - C 7 

GENERAL DESCRIPTION Si3lc configuration 3A canopy 


, MODKTi SCALE: O.niO - 

DRAWING NUMBER VL7Q-000139B 

DIMENSIONS FULL SCALE MODEL SCALE 

Length (X 0 =433 to X 0 »670) in.FS 23 Z* -2-3 70 

Max Width 

Max Depth 

Fineness Ratio ______ ______ 

Area ______ ______ 

Max. Cro i$-> Sectional _______ ~~ 

Planfom _______ 

Wetted ______ ' 

Bose _______ ______ 
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TABLE XII. - MODEL DIMENSIONAL DATA - Continued. 


MODEL COMPONENT : KLEVON - Ep, • ‘ 

GENERAL DESCRIPTION: Configuration 3 ner WIQ7 Rockwell Lines 

VL7Q-OOOI39B, data for (1) of (21 aides. 


-MODEL SCALE; 0.010 

ORAWING NUMBER: VT.7n.mn1 ?o« 



* 

DIMENSIONS: 

FULL-SCALE 

MODEL SCALE 

Area - 

.,-2ns. y 

r\ r\or\6 

Span (equivalent) - in. 

— 35i*3k 

-3.533 — 

Inb'd equivalent chord - in. 

114.76 

-i.i4a 

Outb'd equivalent chord - in. 

-‘iS. 00 

,0.550 

Ratio movable surface chord/ 



total surface chord 



At Inb'd equiv. chord 

■ JL2S&- 

-0-208 

At Outb'd equiv. chord 

0-4oo 

n.4no 

Sweep Back Angles, degrees 



Leacing Edge 

0.00 

JL 

Trailing Edge 

- 10.24 

•IQ.., 64,... 

Hingeline 

0.00 

£ hSSt — 

Area Moment (Normal to hinge line) 

1548.07 

o t omss 
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TABLE III. - MODEL DIMENSIONAL DATA - Continued. 

MODEL COMPONENT : BODY ” LAP - __ 

GENERAL DESCRIPTION Configuration ^ - a 1 1 ^htuoi ^ht. achlt&a 
flap 


M PPFL SCAL£i...Q , Qlg MQDEL-IMVfljTQ ML_ : _ SS-AQQ062 , .... 

DRAWING NUMBER VL70-Q00139B 


DIMENSIONS FULL SCALE MODEL SCALE 

Length - In. 84-70 0-8470 

Max Width - In. ..2fi7.6 

Max Depth _________ _____________ 

Fineness Ratio - __________ 

Area , __________ 

Max. Cross-Sectional 142 ■ 5105 ~ 0.01425 

Planform __________ 

38-0958 0.00381 


Wetted 


TABLE III. - MODEL DIMENSIONAL DATA - Continued. 


MODEL COMPONENT : QMS " 

GENERAL DESCRIPTION Orbital maneuvering system pods located on 

th orblter aft fuselage 


■MODEL SCALE; Q-QIQ 

DRAWING NUMBER VL7Q-000139 


DIMENSIONS . 

FULL SCALE 

MODEL SCALE 

Length - In. 

346.0 

3.460 

Mox Width - In. 

iQft-Q 

L-OfiQ 

Max Depth - In. 

113:9 

1.113 

Fineness Ratio 
Areo 




Mox. Cross-Sectional ________ ~ 

Plonform , ______ 

Wetted __________ ______ 

Bose __________ _____ 

Centerline of OMS Pods; 

WP = 463-9 IN PS: WP = 400 + 63.9 - 463.9 
BP = 80.0 IN F.G. 

Length: 1214.0 to I 560 .O * 346.0 IN. F.S. 

NOTE: identical to M of 2A configuration except intersection 

to body. 


TABLE III. - MODEL DIMENSIONAL MA _ Continued. 

MODEL COMPONENT: MP3 NOZ ZLES - Nfl ! 

GENERAL DESCRIPTION: Basic cm.. ltaZ 2 ]U^QiJSo nt \ w r *tlnn Pft per R nclrweU — - 

Line 3 VL 7 Q-OQ 8 Ro 6 and .JflYTO -.000089 I!b!L — I ntersect i on o f oquiIm- 

e xlt plane and nozzle cente r lin e a t .X * . 1SYD -. ■? 5 > ...Y 0 -■ * — 99^25 , 

~ ?x) m 507.25 

MODEL SCALE: 0.010 

DRAUING NUMBER: VL7U-008306. VL7O^X)0H9"R ,, . SS-A00Q92 — 


DIMENSIONS: 

MftCU NO. 

Length - In. 

Global Point to Exit Plane 
Throat to Exit Plane 

Diameter - In. 

Exit 

Throat 

Inlet 

Area - ft^ 

Exit 

Throat 

Gimbal Point (Station) - In. 
Upper Nozzle 
X 

Y 

Z 

Lover Nozzles 
X 

Y 

Z 

Null Position - Det>. 

Upper- Noxele 

Pitch 

Yav (Outbourd) 


FULL SCi-.LE 

MODEL SCALE 



* 

<50.00 

0 . SO 

n/a 

n/a 

28.00 

- 0.280 


13 - 63 $ 0.1-3 6 4 


151&£ 1&- 1& 

+ ftfl-Q + Qj& 


lfQO .rt 

. “ A 92 







osPJia' 
« » 1 

-1594a ' _ 

•» r\Q 1 trm 


+.1& U— +-JJS2XI 
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TABLE III. - MODEL DIMENSIONAL DATA - Continued. 
MODEL COMPONENT: MP3 NOZZ LES - H ^ 

GENERAL DESCRIPTION: Configuration 14 0A/B Orblter MP3 Nozzles 


MODEL SCALE: O.QIO 


DRAWING NUMBER: VL70-005030A, VL70 -000140A 

DIMENSIONS: 

FULL SCaLE 

MODEL SCALE 

MaCH NO. 



Length - In. 

Gimbal Point to Exit Plane 

157.0 

1.570 

Throat to Exit Plane 

99.2 

0.992 

Diameter - In. 
Exit 

91.000 

0.910 

Throat 



Inlet 



Area - ft^ 
Exit 

JtS.lS'iSs 

_ O.OOliqp 

Throat 



Gimbal Point (Station) • In. 
Upper Nozzle 

A 

Y 



Q 

Jj£ji5£L 

11 

Z 

44?. 0 

... 4.430 

Lower Nozzle a 

X 

1468.16996 



Y 

+ 53,0000 

Q.,530 

z 

- afie 

_ 

Position - De ^ . 
Upper Nozzle 
Pitch 

Yaw 

1 

ojo 

3° 

1 

1 

-16? .... 

Q° 

Lower Nozzle 
Pitch 
Yaw 

10° 



...l.JffL 


n 


f 


T 


TABLE III. - MODEL DIMENSIONAL DATA - Continued. 
MODEL COMPONENT : RUWRR " R 5 

GENERAL DESCRIPTION: Rudder for vertical stabilizer 


MODEL SCALE; O.OIO 


DRAWING NUMBER: 


JSH7Q-.QQQQ35. 


DIMENSIONS: FULL-SCALE 

Area - Ft 2 100.15 

Span (equivalent) - In. 201.0 

Inb'd equivalent chord - in. 91 . 585 

Outb'd equivalent chord - In. 50.633 

Ratio movable surface chord/ 
total surface chord 

At Inb'd equiv. chord o.uoo 

At Outb'd equiv. chord n.knn 

Sweep Back Angles, degrees 

Leading Edge 3 1 * • 83 

Tailing Edge 26.25 

Hingeline 3h .83 


Area Moment (No mat to hinge line) FT 5 526.125 


MODEL SCALE 

0. 0100 

2. PICT 

0-916 

O. 508 

-iLAQQ 

.,g..4oo 

2L-31 

2 L 25 

ft* - ft? 

P. -O905.261 
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TABLE III. - MODEL DIMENSION/!, DATA - Continued. 


MODEL COMPONENT: VERTICAL - V y • 

GENERAL DESCRIPTION: Cente r line vertical ta ll, dou ble -wedfle . .airfoi l 


with rounded leading edge. 

MOTE; Same As V,., but wi th manipulator hous ing removed. 


MODEL SCALE: O .OIO 


DRAWING NUMBER: 
DIMENSIONS: 


VL70-00013Q 


FULL SCALE MODEL SC/ LE 


TOTAL DATA 

2 

Area (Theo) - Ft 
Planform 

Span (Theo) - In. 

Aspect Ratio 
Rate of Taper 
Taper Ratio 

Sweep-Back Angles, Degrees. 
Leading Edge 
Trailing Edge 
0.25 Element Line 


!:>«; o? 

Q 

-n^.72 

3 - 1 57" 


1 £75— 

0.507 

0.507 

0.404 


45.000 

4i,QQQ_ 

26.249 

26.249 

41.130- 

.kuao 


Chords : 

Root (Theo) VP 
Tip (Theo) VP 
M/.C 

Fus. Sta. of .25 MAC 
W.P. of .25 MAC 
B.L. of .25 MAC 


1 99-fJ — 

-1463 ^0 

635 . 522, ■ 

0 ^00— 


. ,2.685 

...1.085 

-L-99B 

« 

..&JOQ 


Airfoil Section 

Leading Wedge .xngle - Deg. 
Trailing Wedge Angle - Deg. 
Leading Edge Radius 


10.000 10.000 _ 

14.920 14.920 

2.0 JLJ1 


Void Area 


13.17 0.131 7 


Blanketed Area 


ft-OO „ 
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TABLE 111. - MODEL DIMENSIONAL DATA - Continue.!. 

MODEL COMPONENT; WING-W ^ 

"E^'ERA. DESCRIPTION : C wl’:,. ..ration ? «er Raohwell t.in.r.i 7i,70-OOOL>-iB 
WOTS: Start a.-s h' . , except mt’f. airfoil and Incidence ar.,-le. 


MODEL 3 CAM.': O.OIO 


DIMENSIONS: 

T CTflL PA"A 

Area " ."-ec . ) Ft*- 
Planfonn 
Span (Theo In. 

Aspect -.at io 
Rato o J ' Taoer 
T arer Ratio 

Dihedral Angle, degrees 
Inc 'donee Arc’o, decrees 
Aerodynamic Twist, degrees 
Sweep Sack Angles, degrees 
Leading Edge 
Trailing Edge 
Q,?.5 Element Line 
Chords: 

Root (Theo) 3. P.0.0. 
Tie, (Theo) B.P. 

MAC 

Pus. Sta. of .25 MAC 
W.?. of .25 MAC 
Q.L. Of .25 MAC 
EXPOSE D DATA 2 

Area t'fneo) Ft 4 

Span, (Theo) In. BP108 
Aspect 'Ratio 
Taper flatlo 
Chords 

Root RP1C8 
Tip 1.00 P 


Pus. Sta. of .25 MAC 
W.P. of .25 MAC 
B.L. of .25 MAC 

Airfoil Section (Rockwell Mod NASA) 
XXXX-64 

Root b * 

7 

Tip b r 

7 

Data for (l) C f (2) Sides 
Lea'*' no fuf r , 


DWG. NO. 7070-00], 39 3 
FULL-SCALE MODEL SCALE 


£fr-*>.00 

n v.s . ft 1 - 



iLLiUi. 


JiUddU. 

i.H. . L. 

w 2i r -0 .1 

118',.. si 


o. vi 


J2.--U 


a-afr? 

o . *£7 


- ■ r 

-L^LLL 

LLlCd 

f 1-000 

itSLflXL 

4%L — 

jddi‘L. 


lulikd. 

-2^07 





S.E-Lh 

j* 3*a 


LL^a 
. j , , g j T 



£LLL 


TABLE III.- MODEL DIMENSIONAL DATA- Continued. 
MODEL COMPONENT: EXTERNAL TANK - T 20 

GENERAL DESCRIPTION: External Oxygen Hydrogen Tank 


MODEL SCALE: O.OIO 

DRAWING NUMBER: VL78-000062 VL72-000131 

DIMENSIONS: 

FULL SCALE 

MODEL SCALE 

Length ( In.) (Nose @ X Q = 328 . 92 ) 

1846.905 

’8.463- 

Max. Width - Dia - In. (@ Xq = 975.675) 

333-2 

3.332 

Major Dia - In. 

330.2 

3.302 

Max. Depth: 


* 

Fineness Ratio 

, . 5-65713 

5.6571 

Area - Ft 2 

Max. Cross-sectional @ X 0 = r ' T 5.675 

605.534 

0.0605 

Major cross-sectional 

594.679 

0.0595 

Base (based on 330.2 dia) 

-594.679 

0.0595 

WP of Tank Centerline (Z ) -In. 

400.0 

4.00 


TABLE m. - MODEL DIMENSIONAL DATA - Continued. 

MODEL COMPONENT: ATTACH STRUCTURE - AT^ 

GENERAL DESCRIPTION: Forward orbiter/ET Attach Structure (2 member 

Structure) 


MODEL SCALE: O.OIO 


DRAWING NO.: 
DIMENSIONS: 


X 0 

0 

0 

Zo 

LWR ML 

LWR ML 

XT 

1131.0 

11.310 

y t 

46.6 

0.466 

2 t 

561 . 29 Q 

5-613 

X o 

394.38 

3.944 

*0 

0 

0 

Z o 

LWR ML 

LWR ML 

Xfji 

1131.0 

11.310 

*T 

- 46.8 

- 0.468 

Zt 

561.298 

5-613 


VL78-000062B, SK-li-tOll 

MEMBER 

#1 


MODEL DRAWING: SS-A001I7 

FULL SCALE MODEL SCALE 




394.38 


3.944 


Diameter of Members: 5.70 IN. DIA.j F.S. 


?} 


TABLE III. ” MODEL DIMENSIONAL DATA - Continued. 

MODEL COMPONENT: ATTACH STRUCTURE - ATjj 

GENERAL DESCRIPTION: Left rear orbiter/ET attach structure (2 member 

stnicture) 

MODEL SCALE: O.OIO 

DRAWING NO.: VL78-000062B, SK-H-4013- 

DIMENSIONS: 

S A 


MODEL DRAWING: SS-A00117 


#2 



FULL SCALE 

modft scale 

X o 

1317 

13.17 

Y o 

- 96.5 

- 0.965 

Z o 

267.5 

2.675 

*T 

2058.0 

20.58 

* T 

- 125*827 

1.258 

% 

515.5 

5.155 

X o 

1317.0 

13.17 

Y o 

- 96.5 

- 0.965 

Z o 

267.5 

2.675 

*T 

2058.0 

20.58 

y t 

- 125.827 

1.258 

*T 

515.5 

5-155 


Diameter of Members: 


#2 


11.5 Dia. F * S< 

15.5 In. Dia. F.S. 
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TABLE III. 


MODEL DIMENSIONAL DATA - Continued 


MODEL COMPONENT : ATTACH STKUCTUHE - ATj_q 

GENERAL DESCRIPTION: RIc»it roar orbiter/KT attach structure (3 member 

structure) 

MODEL SCALE: O.OIO 


DRAWING NO.: VL/O-OOOObbB, SK-U -4013 


MODEL DRAWING: S 3 -AOOU? 

DIMENSIONS: KEMnKH 


FULL SCALE 

MODEL SCALE 

//I 

x o 

1317-00 

13.170 


< 

+ 96.5 

+ 0.965 


2 C 

267.5 

< 2.675 


x, r 

1872.0 

18.720 


y t 

+ 125.827 

+ 1.258 


4 

515-5 

5.I55 

/?- 

X o 

1317-0 

13 - 1(0 



+ 96 • 5 

+ 0.965 


Zo 

267.5 

2.675 


Xjn 

2058.0 

20.580 


y t 

+ 125.827 

+ 1.258 


z T 

515-5 

5.155 

is 


1317.0 

13.170 


*o 

54 . 4 o 

0.544 


*“0 

19.30 

0.193 


Xni 

2058.0 

20 . 580 


y t 

2.5 

0.025 


z r 

567.6 

5.676 

Diameter oi' Menders: (in.) #1 


15.5 

0.155 



11.5 

0.115 

#3 


4.5 

0.045 


?9 


TABLE III. - MODEL DIMENSIONAL DATA - Continued. 

MODEL COMPONENT: ATTACH STRUCTURE - AT^ 

GENERAL DESCRIPTION: Forward SRB/ET attach structure (2 attach structures 

Left and Right). 


MODEL SCALE: 
DRAWING NO.: 
DIMENSIONS: 


O.OIO 


VL76-000062B, VL72-OOOlUO, VL?2 -000115 MODEL DRAWING: SS-A00117 


FRONTAL 

VIEW 


MEMBER. - LEFT 1 




Z B 

X<p 

y t 

Zn» 


FULL SCALE MODEL SCALE 


975.675 9-757 

166.67 + 1.667 

+ 566.5 + 5.665 


MEMBER - RIGHT 


X B 


*T 

Y x 

Zj 


975-675 9-757 

166.67 1*667 

- 233-5 " 2.335 
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TABLE UI. - MODEL DIMENSIONAL DATA - Continued. 

MODEL COMPONENT: ATTACH STRUCTURE- ATp 0 

GENERAL DE3CRI ETION : Al’t SRB/KT attuch structure (3 member structure) 

MODEL SCALE: O.OIO 


DRAWING NO.: VL78-000062B, 

VL72 -00014C, 

VL 72 - 00011.5 

MODEL DWG: 

SS-A 00 .L 17 

DIMENSIONS: 

MEMBER 


FULL SCALE 

MODEL SCALE 



X B 

*B 

Zt 

1317-0 
+ 57-0 

457-0 

13.17 

0-570 

4.570 


P 

X B 

1317.0 

13.17 

* 



X/p 

2058.0 

20.580 


43 

X B 

*i) 

Xrji 

Zt 

1317.0 

+ 57-0 

2058.0 
343.0 

13.170 

+ 0 . 570 
“ 20-580 
3.430 

Diameter of Members: -(in.) 



6.0 

0.060 
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TABLE III. - MODEL DIMENSIONAL DATA - Concluded. 

MODEL COMPONENT: ATTACH STRUCTURE - AT a ^ 

GENERAL DESCRIPTION: Forward crbiter/ET attach structure (2 member 

structure) simulating the attach structure after ET separation. 
MODEL SCALE: O.OIO 


DRAWING NUMBER: VL78 -000002 B 

DIMENSIONS: MEMBER 

#1 


#2 


Diameters of Members: (In.) 


MODEL DRAWING: SS-AOOll? 



FULL SCALE 

MODEL SCALE 

*o 

3h6.00 

3.1*60 

*o 

0 

0 


280.07 

2.800 

X T 

1131.00 

11.310 

It 

1*6.0 

0.1*60 

2t 

565.07 

5.650 

Xo 

346.00 

3.1*60 

Y o 

0 

0 

Z o 

280.07 

2.800 

x T 

1131.00 

11.310 

y t 

- 1*6.00 

- 0.460 

zt 

280.07 

2.800 


5.70 

0.057 


3 ? 


T 


TABldS in. - MODEL DIMENSIONAL DATA - Continued. 

MODEL COMPONENT: FKKDL1NE - FL, 

? 

GENERAL DESCRIPTION: LOX Feed line simulated between FT and Orbiter . 

i 


MODEL SCALE: O.OIO 





DliAWING NO.: VL78-000062B, 

MODEL DRAWING: 

SS-A00117 


DIMENSIONS: 



FULL SCALE 

MODEL SCALE 

Leading edge at: 

Xj 


1033-3 

10.333 


y t 


70.0 

0.700 




1033-3 

10-333 


y t 


- 70.0 

- 0.700 

Trailing edge at: 

X T 


2071.50 

20-715 


y t 


70.00 

0.700 


Dia. 

- Inches . 

18.60 

0.188 


X<p 


2071.50 

£0.715 




+ 70-00 

+ 0 700 

Centerline of LOX 

Feedlinc 

located radially at 0 

•--- 23°24 ' 
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TABLE III. - MODEL DIMEN , ZONAL DATA ~ Continued. 

MODEL COMPONENT: PRESSURE LINE - FLg 

GENERAL DESCRIPTION: Mux. cross -sectional area simulating LHg pressure 

line and electrical conduit box betveen ET and Orbiter. 

MODEL SCALE: 0.010 


DRAWING NO.: VL78-000062B 

MODEL DRAWING NO. • 

SS-A00117 

DIMENSIONSf 

FULL SCALE 

MODEL SCALE 

Leading edge rt; X^, 

1127.1 

11.271 

y T 

110.3 

1.103 

Trailing edge at: 

2062.1 

20.621 

y T 

110.3 

1.103 


Centerline of LHg pressure line located radially at 0 = 33°45 * 
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r 


T 






TADLt III. - MODEL DIMENSIONAL DATA - Continued. 

MODEL COMPONENT : LHg UMBILICAL FKKBLINB - FL-J 

GENERAL DESCRIPTION ._r,!i., _ ^nblU,e/)Ll\-(Jdl.lne vlth an eleetvi ml gn<r» ir 
^i££apr^ct.-.b,ajL.,h<;. , .t«Qaa. .the, Jlddltu K atui e:t.,- 

-MODEL SCALE’: O.Q1Q 

DRAWING NUMBER . VL78-Q0336gB 


DIMENSIONS 

Centerline at 
Max Width 
Mox Depth 
Diameter 

Area 

Mox. Cross-Sectional 
Planfom 

Wetted 

Bose 


FULL SCALE MODEL SCALE 


2071 ■ S 

— ,T7 • 5 

__lZ.il 


2SLXL5. 
JL2 12 
-Q*3T.S 
-Sr lift 


T 
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TABLE III. - MODEL DIMENSIONAL DATA" Continued. 
MODEL COMPONENT: PAIRING - FRg 

DESCRIPTION: Cross member between aft ET/orblter attach structures 

MODEL SCALE: O.OIO 


DRAWING NO.: VL78-OOOQ62B, VL78-000050 

MODEL DRAWING : SS-A00117 

DIMENSIONS: 

FULL SCALE 

MODEL SCALE 

Leading edge at X T 

2035.50 

20.355 

Length 

15.00 

0.150 

Width 

193.0 

1-930 


3C 


TABLE TIT. - MODEL DIMENSIONAL DATA - Continued. 
MODEL COMPONENT: ET PROTUBERANCE - PT^ 

GENERAL DESCRIPTION: Lightning rod attached to ET no sc . 


MODEL SCALE; 0.010 
DRAWING NO.: VL 78 -OOOO 68 B 
DIMENSIONS: 

Length 

Diameter - In. 


FULL SCALE 
30.90 
3-20 


MODEL SCALE 
0.309 
0.032 
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TABLE ill. - MODEL DIMENSIONAL DATA - Continued. 

MODEL COMPONENT: ET PROTUBERANCE - PT 13 

GENERAL DESCRIPTION: Maximum cross-sectional area simulating LOX recirculation 


line and electrical conduit box on plunfora view of external tank, T 2 q. 


MODEL SCALE: 0.010 

DRAWING NO.: VL78-Q00062B 

MODEL DRAWING: SS-A00117 

DIMENSIONS: 


FULL SCALE 

MODEL SCALE 

Leading edge at: 

*T 

1208.3 

12.083 


y t 

+ 95.0 

+ 0.950 


*T 

1208.3 

12.083 



- 95-0 

- 0.950 

Trailing edge at: 

x T 

2060.5 

20.605 


y t 

+ 95-0 

+ 0.950 


*T 

2060.5 

20.605 



- 95-0 

- 0.950 


Centerline of LOX recirculation line located radially at 0 = 33°45'. 


TABLE lit. - MODEL DIMENSIONAL DATA ~ Continued. 

MODEL COMPONENT: ET PROTUBERANCE - PT . 

14 

GENERAL DESCRIPTION: LOX pressure line on Tank To^ 


MODEL SCALE: O.OIO 

DRAWING NO.: VL78-00G062B 

DIMENSIONS: 


Leading edge at: 


Trailing edge at: 


*T 

y t 

Xt 

x T 


MODEL DRAWING: 

FULL SCAL E 
355-90 
6.0 
2060.5 
+ 87.0 


MODEL SCALE 

3-559 
0.06 
20.605 
+ 0.870 


Centerline of LOX pressure line located radially at 0 = 23^24'. 
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TABLE III. - MODEL DIMENSIONAL DATA - Continued. 

MODEL COMPONENT: SRB SEPARATION FU3H-OFF PAD - PT^ 

GENERAL DESCRIPTION: Forward ET/SRB Separation pads (push-off pads) 


MODEL SCALE: 
DRAWING NO.: 
DIMENSIONS: 


O.OIO 




VL78-000062B 


MODEL DRAWING: SS-AOOIl? 

MEMBER 


FULL SCALE 

MODEL SCALE 



450.0 

4.50 


y T 

975-60 

9.756 


Zt 

166.50 

1.665 

#2 

Xt 

450.00 

4.500 


y t 

- 975.60 

9.756 


h 

166.50 

1.665 
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TABLE III. - MODEL DIMFNSIONAL DATA - Continued. 


MODEL COMPONENT NQ3K COKE LINES - PTPrt ... 

GENERAL DESCRIPTION arew filmnlftt.1 n? the 

LOX pressure line and electrical conduit on top of external tank 

nose cone area,. — 

MODEL SCALE ; O.QIO — 

DRAWING NUMBER VL78-000062B 


DIMENSIONS 


Leading Edge at: 

Y t 

Trailing Edge at: Xj 

Y T 


Area 


Max. Cross-Sectional 
Plonfom 


FULL SCALE 

?£<•>■ 09 

3^.0 

955-1 

336.5 


MODEL SCALE 

J-6Q9 

0 . 3»*0 

9-551 




Wetted 

Base ■ 

Centerline of lines located radially at 0 » 33°45' 
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External Tank (T 20 ) P er R* I. Drawing VL/.S-00006PB 
Figure 2 . - Continued. 






Pressure Orifice Locations 
gure 2. - Concluded. 




Figure 3. - Model installation photographs. 



Orbiter and Tank, 3/4 Rear View 
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FIG. 13 SUMMARY OF ISOLATED ET LONGITUDINAL CHARACTERISTICS WITH BETA VARYING. 
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APPENDIX 

TABULATED SOURCE DATA 


Tabulations of plotted data are available on request 
from Data Management Services. 
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